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o Outline

e Data Acquisition Overview

— With some historical context

e NOVA
— DAQ Architecture
— Data flow and formats
— Control and monitoring

— Triggering
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g Typical DAQ System 1n a #
Particle Physics Experiment

| Sensor Front Event Event
End Building || | Output

Physical Transduces  Measures Collects Collates Saves
signal in signal from  output of measurements output from  selected
response to active Sensor  from Front End, readout(s) events to
energy detector transfers to into Events  persistent
deposition computing storage
space
Typical model \ |
Boundaries between |
stages and other aspects “DAQ?” typically refers

vary among applications to these stages
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e DAQ and Technology Y

e Particle physics DAQ systems have been a
technology driver 1n the past
— Fast electronics — ns timescale
— Bus standards - CAMAC, VME, FASTBUS...
— Computing, including storage
o Still, achieving physics goals with available
resources required highly complex systems with
clever design

e Example - Triggering
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Event Selection v
e Triggering
— Each stage has limited processing and transmission capabilities

* Processing/reading out events incurs deadtime

— Triggering: reduce processing of less desirable events to stay
within system capabilities

Sensor Front
End

e Example: 3-Level trigger typical in 1980°s- 1990°s

Event
Building

— Level 1 — limit Front End processing
— Level 2 — limit Readout
— Level 3 — limit Event Output



Ao Level 1 Trigger

Front Event Event |
End Building | | Output

Sensor

Example: NMC, late 1980’s

Simple coincidence matrix to decide in

O(100ns) whether interesting scattering
Achievable with angle is present, before spending O(10
standard modular HEP us) digitizing LeCroy 2249 ADC

electronics (LeCroy) or

custom-built

A 4 pp—
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S Level 2 Trigger

Event
Building

Front
End

Sensor

Example: KTeV, mid-1990’s
KTeV Hardware Cluster

Counter
-3600 CslI crystal Calorimeter
-Need to enhance (rare) K; to 11’ Parallelized hardware count

decays while staying within L3 of Z(left turns — right turns)
Trigger Input bandwidth. = 4x number of cluster
-Trigger decision in ~1.6us C.Bown et al., Nucl. Inst. Meth. A 369, 248 (1996)
B i o Hit Block Patterns Pattern Value
BH - 0 - No Tumns
£ E E Eﬂ E +1 - One Right Tum
" E ﬂ E ﬂ -1 - One Left Tum
' el = TR T Elliott Cheu works with KTeV
= HEE o hardware at Fermilab.
Good example of a single-
o purpose custom computer
LIk




Level 3 Trigger

e SRR VLN

Sensor Front
End

Example: KTeV, mid-1990’s
Level-3 filter
One of the first experiments to

implement full online 0 -
reconstruction 8 2000 f :
. 8
Allowed selection of large data set % 1000 1
of rare (e.g., K| - mm) and extremely i .
rare (e.g., K; - w'mete’) decays i o
1500 T

< . ()

z 1000 :

5

% 500 :

s

o i i
0.470 0.490 0.510 0.530

Reg n°n® Mass (Gev/c?)

Event
Building

entries/0.001 (Cev/c')

entries/0.001 (Gev/c")

1600

800

o i 1
C.470 0.490 0.%10 0.5350

Vae T Moss (GeVv/c?)

1500

1000 -

500 e

o L 1
Q.470 ©.490 0.510 0.530

vac n°n® Mass (GeVv/c”)

FERMILAB-CONF-96-384-E, Whitmore, J. (KTeV)



“~" Last Decade — Computing and

Networking catches up
e “Cheap”, high rate, gigabit Ethernet

e SRR VLN

— Replace expensive and/or fragile and/or proprietary

data cables

e Cheap, high-performance, commodity computing
e Cheap high-volume disk space

Year

Experiment

Clock Speed
(MHz)

1985

E665

1995

KTeV

200

NOvVA

2660

JE
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S Commodity Computing in DAQ e

e For many applications, move away from custom
data networks and high-end computing

* Replace with commodity computing and
networking

 For example, NOvVA...

1



— NOvVA Far Detector =

Ash River, Minnesota

- Liquid Scintillator in PVC structure
-14 kT total mass

-896 planes supported in blocks of 32
-334064 cells

-10752 readout channels

15.7m

~3m earth
equivalent Barite/
Concrete

overburden to
Kﬁ\“‘m e 4 .
R reduce cosmic
15.7 m
backgrounds
Peter Shanahan - Fermilab Wine & Cheese - Sept. 24, 12

Fermilab 2010
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N{YA NOvVA Sensor and Front End Y

Sensor Front Readoutw ( Event w (Event
End J tBuildingJ tOutput

To 1 APD pixel
A ASIC: Amplification,

AhPaI?] Nel_|0dUIe - 32 shaping, multiplexing
FUANES co e en o a to ADC  Front End Board (FEB)

TECooler  APD | =" o= mm=m———
\

N

=
P == ---

typical

charged »*

particle
path

Thermal
gap pad

Connector

Air Gap FPGA: Digital signal
processing

Avalanche Photo Diodes:
* 85% Quantum Efficiency
* Gain~100
» cooled to -15C for 2PE dark
noise

Plane of vertical cells

13

Plane of horizontal cells



S FEB Signal Processing e

Sampled waveform ASIC Output Pulse Shaping (FarDet)
At g -380 ns rise time, 7 us fall time
A [ i, P -Sample each channel every 500 ns
€9 II { -Actual clock runs at 62.5 ns, but four
gn) | | 8:1 multiplexors are used to handle the
o ! | 32 pixels economically
| { NearDet
| | -60ns rise time, 500ns fall time
f—'—®—'—f—’—{ | -Sample each channel every 125 ns
6 "5 4 "3 12 -1 1 p 3 k s e -Same base clock, but 2:1 multiplexing
T DCS Mode
- i -Dual Correlated Sampling
DSO Mode -Output data when V.-V,
-Digital Sampling Oscilloscope exceeds configured threshold
-Take (1000) contiguous samples - Data: pulseheight = V-V,
-Use to measure noise level and set appropriate timestamp=T;
DCS threshold

14



Ao Fast Timing

Two pulses ~93 ns apart with identical DCS
output Pulseheight and Time

ND readout (Rise=60ns / Fall =500 ns / Digit interval = 125 ns)

—

- 1.0

2 4

€

- »-

> 08—

2 | .

g 06»

E ' r Chris Backhouse
3 + Ryan Patterson
% 0.4'_— 4

§ o2

S

7]

<

A A A 1 4 A ';‘.ALA 'l l.n
-200 -100 0 100 200 300 400 500 600 700
time (ns)

FJt
L. 2

Multi-point sampling

-Apply DCS-threshold, but read out

multiple contiguous samples

-With compression, can read out up

to 12 samples with only 2 addition

data words

-Apply matched filtering to improve

timing resolution substantially
-Factor of 3 improvement
demonstrated in Data with 4
points

Benefits

-Reduce Near Detector Pile-up
-FarDet: track direction from
timing

-etc

15



A DAQ Requirements e

e Record beam spills in a window of at least 30 us,
with no dead time
— Every 1.33 seconds

 Record ~100 times as many periodic cosmic spills
with no deadtime

e Cosmic rays (200 kHz!) and noise add up to a hit
rate of about 52 MHz, or 620 MB/sec

— Process 620 MB/sec readout with no deadtime
— Write out 1.4 MB/sec saved events.

16



Data Concentrator
Modules (DCM) —
Readout
-PowerPC-based
custom computers

- Read out 64 Front
End Boards each

- Sends all hits over
threshold to Buffer
Nodes

- 168 to cover 14 kT
detector

10 gigabit
Ethernet switch

P A
Y 4
\

Data Logger —

Event Output

- Like Buffer
Nodes, with
-22 Terabyte of
RAID array

N

Buffer Farm — Event
Buffering and Building
-O(100) Commodity Linux
nodes

-16 cores, 2.66 GHz, 2 GB
RAM/core

-<$1000 node
-Stores every hit above zero suppression threshold
for more than 20 seconds

- Collates data from DCMs

- Sends triggered data to Data Logger 17



o NOvA DAQ Layout

DAQ Cluster (Buffer Farm
and Control Nodes)

Ash River — Computing
center in Detector building
Fermilab — Lattice
Computing Center

168 DCMs for the Far
Detetor

620 MB/sec readout
~4 MB/sec/DCM

FJt
L. 2

i L R =
U
1
U
U
1
1
1 Diblock :
12 DCMs mounted on
detector
6 per view
Each DCM reads out a 2-

module-wide slice 18



o NOvA Trigger Architecture "R

Trigger Inputs

- Neutrino beam spill gates from /ﬁ
ACNET 10 gigabit \E—
-Random/Periodic gates Ethernet switch Data Logger

-Soon: Data-driven triggers - Receives trigger as

cross-check on data
Global from Buffer Farm

Trigger

Buffer Farm

- All Data touchi
Trigger Outputs . ata Touching
, , trigger window is
- (Ty, Ty+AT) trigger window
sent to Data Logger
- Sent as software message to :
-Data-driven
Buffer Farm and Data Logger trigoer
-No Hardware trigger in NOVA! BELT- , e _
-Desirable cosmic events
-Neutrinos
-Supernovae

-Exotic signatures 19
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NOvVA Timing System

-
L. 2

Accelerator (x2),
auxiliary trigger
and external ref.

clock inputs

Optical Link

Optical Link

slave *  slave t:
CAT6

6 DCMs Per Slave chain

slave -

Calibration
Loopback

Cali%
Loopback

Calibration
Loopback

Calibration,
Loopback

Andrew
64 FEBs 64 FEBs 64 FEBs 64 FEBs Norman 64 FEBs 64 FEBs
K Per dcm Per dcm Per dcm Per dcm Per dcm Per dcm
NOvVA Clock

-64 MHz clock represented in 56 bits (24+32)

-Covers 36+ year span with 15.625 ns ticks

20
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~-v~ DAQ Software Data Systems

Data Driven Trigg

Trigger
Processor

Processor Processor

@)
-

Event builder
Trigger Reception
-

l Data Slice Pointer Table
¥

Data Time Window Search

Round Robin
Data Slice Flow

§ 1 1
S Hv
1111 1

|

=Y

Buffer Nodes

Global Trigger

Processor Data Logger

Buff Nodes & Logger

Broadcast to all

Beam Spill Server

Andrew Norman.

21
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S L,
Data Concentrator Module -

64 FEBs 4 — N\ / cPU \

per DCM

Collates data
; from all channels

with timestamps

i I between
: |_| : consecutive time
=l 1 markers
7‘ ( ) \_ -
Timing
markers sent
nomimaly | Serial FEB-DCM link
o Hit data: limit ~ 15 hits/FEB/50 us

Nanoslice

31 29 28 26 25 21 20 16 15 9 B 3 210

- |IDFT|SEQ| Version [Pixel Adr| FEB Status | FEB ID [o|b|%

32-bit timestamp of 64 MHz clock

Timestamp counter
P Rolls over every ~67 seconds

Pulse Height Reserved

22



N DCM “Kernel module” *
A OO~VvA Serves FPGA data to #
CPU as device driver

64 FEBs 4 — N\ / cPU \
T

2 1 ( , 9 Y

Microslice Header DCM Appll cation
56-bit 64 MHz time marker.[ Time Marker Low -DAQ system interface for control of DCM
Roll over every 36+ years Time Marker High and FEB settings
IErsgEliies U FIELE) 0 - Monitors data quality
Nanoslice 1 FEB 0 B -Produces “Microslices” — data between
Nanoslice 0 FEB 2 consecutive time markers
Measured DCM Nanoslice 0 FEB 2 -Builds Millislice for transfer to buffer node:
performance limit: Nanoslice 0 FEB 3 collection of all microslices within 5 ms
> 2 hits/FEB/50 us |

23



g —

NV~

Round-robin input

-All DCMs send to the MilliBlock
same Buffer Node for a
give Sms period -

(sequence number)

- With 100 buffer nodes
this means a buffer node
1s used twice each second

Y Lt
Buftfer Node v

\\

-1t millislice seen in a sequence
causes creation of new Milliblock
- Complete when last DCM with
sequence number 1S seen

Copy to shared
memory for
analysis by data-
driven trigger

5 DataBlock
Pointer written to
\% MillBlock pool
MilliBlock

for buffering

Trigger data search:

- Create a DataBlock for output to Datal.ogger
- Check all MilliBlocks in buffer

- Does MilliBlock time overlap with trigger
time? Check MicroBlocks:

- Copy all MicroBlocks touching Trigger
Window into DataBlock

24
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Input

-All Buffer Nodes send a
DataBlock in response to a trigger
-For a 500ms trigger window,
90% of triggers will have data on
a single Buffer Node

-Write empty DataBlocks, too, for
redundancy

Output

Data Logger

Event (“Data Atom” until complete)
-Receipt of Trigger or DataBlock with
event number not equal to that of an
existing Event will cause new one to be
created

- Header, Trigger Info, DataBlocks, Tail

- Complete when data received from
Trigger and all Buffer Nodes

-Note: The trigger, not the hit data, defines

the event. The same data can appear in
multiple events.

- Send data to configurable set of streams (files
on disk) based on trigger ID
-Also send to shared memory segment for

monitoring

25



Data Monitoring

Data Logger Node

Shared
Memory
Segment

Event Dispatcher
servers data to
monitoring
applications

Event
Dispatcher

(] NOVA Raw Data and Event Viewer (on T 7
File Help

Live EventMemory | Memory Settings |

Memory View

Hex |

Data View Display Columns: =
0:00000010 [ 0x00000014 | 000000018 [ 030000001 | 0x00000020 4]
0x00000000 | 0x00000001 0x00003ef1  0x00010001  0x000028b9  0x07010000 0x0000c795 0x00000000

L
0x00000024 | 0x1800001c Oxaaaa002 0x10c9012e 0x0000c795 0x00000000 0x0000c795 0x00000000 Ox70bS5800 0x0018desY Memor y ‘/ lewer

0x000314a0 0x70b55800
! -Displays raw data
)00( 5 0Oxabasf681 0x00000014 p y
0x0000c 795 0x016b001b  0x0000c795 0x28000000 0x06004101 ° * . .
0x000000d8 | 0x00000000 | 0x980000d4 | 0x70bS4e7c| 0x0018de69 | 0x201060ab | 0x70bS5860 | Ox0016eale 0x340560ch 0x70bS5190 Wlth hlghllghtlng tO
o 0x70bS5790 | 0x0017cale 0x200560ch 0x70bSSE70 . .

0x00000120 | Ox0016eafe’ 0x240560ch | 0x70bS5970 | Ox001dcafe| 0x3812615b 0x70b54f48 - 0x0013cafe| 0x3c12615b | OX70bS5008 lndlcate data block
0x00000144 0x201c615b 0x241c615b 0x2812615b 0x70b558¢8

0x00000168 | Ox0D1ccafe| 0x381561bb | 0x70bS4fb4  DxOOOfcafe| 0x3c1561bb | 0x70b55234  Dx001Scafe| 0x201561bb | 0x70bS53b4

0x0000018c 0x241561bb 0x70b55694 | 0x000ecafe 0x2c1561bb 0x70bS5a54 t , pe

0x000001d4 | 0x381561bb  0x70b55{54 ~ Ox000fcafe Ox3c1561bb Ox70b56174 ~ OxOOlacafe 0x281060ab 0x70bS5c60 = Ox001Scale - \, el 5’ l Ise l Il Or

0x00000118 | 0x2c1060ab | 0x70b55d20 0x70b55fe0 341060ab | 0x70b566c0 = 0x0014cale

0x000fcafe 0x70b56070 0x70b56330  0x0010cafe eX ertS
0x00000240 | 0x380560ch | 0x70b563b0 | Dx000fcafe’ 0x3c0560ch  0x70b56430 | DxO0Ofcafe 0x200560ch | 0x70bSE670 p

nynnnnnnes | NvaN1rR1ER | AvTNREEAR | AWAATAAatel (V3415815 | NVINREANDR | AWAAAnate| NvAR1AR1ER | AvTNRER1 O~
<

I Halt Condition: Word: [0 =] I~ Any

=] value: [oxo Mask: [OxFFFFFFFF

™ Auto Refresh Refresh Dela

466(ms) 3 Refresh I Clear Memory. | 26




NN Data Monitoring Applications

v

-
Eile Update Help

il
‘ Producers  FDOL pid: 7874 7 reize=371.25k UTC: Ued Jun 18 21:31:20 2013

@] _|_| ® @] ®| @] [Fesitnapigraic: toso1 7 1615 / Fenes] [Plane 35 v / Hodule 5 : Contents = 44452000404
Histograns | Conparison | UatchList |

KL Hits recorded by plane and cell (y-view
ART—b as ed EEr‘mrs | « North yp Planes(/yDibIocks) ‘ South —

»

(CHitCounts

SHithaps
- (JHighADCP ixelsDCH* T Top

-Online monitoring: histogram e

43P 1aneCel 1Hi thapHuiew®
i PlaneCel lHitHapXvieuAl IHits

producer/viewer LN

- DCMHitap
i DCHHi tHapHi ghADC

-
o
Cl

3

. . .
. I DCHHi tHapLownDC 3
-Event Display: identical to 10
i FEBHitHap
Iy FEBHitHapHighADC || Modules|
f e M e t M ff t I FEBHi thapLouRDC
B FEBHi thapHipADC
offline v €rsion, wi h differen A 102
g AVsHour
. . W AEVsHour
I Avetinicros1¥stour
online input stage ~
Refresh Histogran List 10
Histogran PlaneCel IHithapYvieuAl its: -
Plane and cell hit naps by trigger tupe.
The hictogran 15 Fi11ed uith plane nuber H | Bottol
increasing to the left (as you would see
ron the catualk) and X-cell nunber increasing 1
top to botton (as you uould see From the

.) This is to match up with the other
Plots that are displaged in the harduare PlaneCelliatap YviewAllits : source = FOOT.shm
e The honizo: EventD: 10425 16 /44427

| e ——— Vi 19213038 20 10

800

600

400
200
0

X (cm)

200
-400
-600
-800

600

I
"
|

Far Detector
data

400
200
0

y (cm)

-200
-400
-600

T[T [T T[T T[T T[T [T T T[T [T [T T[T T 7T

P S RS N FET FR RAS R L S ST TS N S e i

-800

N
—
<)
2
=

NOVA - FNAL E929 |
Run: 10311/0 ]
Event: 932/ CAL

UTC Tue May 14, 2013 o
22:02:33.811350016 0 100 200 300 400 f?ﬁsec) 1000 1500 2000 2500 3000 1’»50(()l (Ag(J((?))

hits
-3
L

d o o

27
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" DAQ Control & Monitor Systems

: “n Resource
Configuration Run Control gl
Management

DA Message
Subsystem Passing

Application

System Manager

" DAQ N\

BP/[Ieal.th DAQ Message
onitor
Subsystem Logger

28
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Resource Manager
-Keeps track of which
resources are in use
-Resource ~ a DCM or othe
node

Partition

- A totally independent DAQ
system

- One partition can be used for
taking physics data on an
established part of the detector,
while another is used for
checkout and commissioning

bnevb025

Resource Management

novadaq-far-farm-25

Disabled

CfgSelected

7555



Run Control

I, Partition 0 (on novadaq-far-master) =

&=

Resource Selection Window (on novadaqg-far-master)

A
+ EventDispatcher !

__ EventDisplay
'/ GlobalTrigger
_ MessageAnalyzer
'/ MessageFacilityServer ‘
/ MessageViewer
/ ResourceManagerS... | 1
'/ RunControlServer
___ RunControlServer_P1
_ SimulationManager ‘
_ spiliserver
'/ TDUManager

'/ TriggerScalars
J Timing Chains

+ o dbO4s New Allchanges Ok
+ !' db04t ) ) New J Allchanges Ok
- v aos L e _ Ancanges o

dem-2-05-07 _ New

- dem-2-05-08

dcm-2-05-09

dem-2-05-11
- dem-2-05-12

dbO5t New Allchanges Ok
db06s New Allchanges Ok

JEp— o || g

User selects resources for partition via Run Control

Once applications are started, Run Control is used to
execute configuration steps, and start/stop run

30



. Application Management

Isplay novada

File
DAQProcesses | @) DDS Daemons | Rogue Processes

DCMApplication Instances Manager Processes

Start Group SERGErT Restart Group DAQApplicationManager - Partition 1 isplay novada

File

Buffer Nodes
DAQProcesses | @) DDS Daemons | Rogue Processes

DCMApplication Instances::Diblock03 Manager Processes::Managers

Start Group Stop Grou
System-Wide J

Start Group Stop Group Restart Group Start System Stop Syste!

Key (mouse over colors to get more details)

WoDam e e — e =

<< Back Start Group Stop Group Restart Group

Buffer Nodes::Group02

Application Manager [ o]
starts/stops/monitors
applications and Message "

Service DAcmons ]

Key (mouse over colors to get more details)

T ] —re e —

Start Group Stop Group Restart Group

Not Running ][ Active
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2 Message Facility
P N VAN
Message Facility — Log Messages Message Analyzer
-Used in offline ART framework -Can be configured to recognize patterns of
-For Online, has Server destination using DDS  errors, e.g., many DCMs complain about the

backbone same buffer node. Nothing inherently
-Message rate throttling is run-time-configurable NOvA-specific

MessageFacility MsgViewer (on novadaq-far-msglogge

.gov) X

-In progress: integration to Automatic Error
Recovery actions

NOvA Message Viewer Total received messages »_m

Message Filter

Set Filters o Error
Reset ALL NOVA Message Analyzer Total parsed messages
Categories System Status

= MF-online o Info [02/23/2012 6:45:12 am] ERROR: dcm-3-03-01 is out of synchronization
- d 11 hea s! [02/23/2012 6:44:42 am] ERROR: dcm-3-03-01 is out of synchronization
BNEVBMIlliBlock_ [02/23/2012 6:44:12 am] ERROR: dcm-3-03-01 is out of synchronization

BufferNodeEVB_c INFO / DemMonitorTimingHistory o Debug [02/23/2012 4:45:12 am] ERROR: dcm-3-03-03 is out of_synchromzatlon
ConfigurationMan: 19-Jun-2013 16:55:34 CDT [02/22/2012 4:26:59 pm] SYSTEM: Rule engine initialization co ted.
Lty dem-2-02-12 (192.168.137.24)
DLRCC_cppLLog' dcmapplication (19394)
DataBlockReader. | | gcm-2-02-12/dem-2-02-12 / MF-online ~Search B ETE | e
DemControl ~| | Timing Commands in History Buffer: DCM Write on Partition 0: l—
4| | » Addr 0x04fd Data Oxabcd received at Rules Details @ Description ¢ Expression
Clear Seleation 699999581 7020764/0x0018de 75881a4d5c. Search/Next lame Details Status Reset [~
1 sync : Check DCM sync ALARM
INFO DCmMOnI!OI’TImIHgHISlOI’y [2] DCM data corrupt (empty millislices)
et ER T
d licatio ‘26129\ ’ 4 farm node connection failure ’L|
cmapplication ( ) _‘I B
dcm-2-01-06 /decm-2-01-06 / MF-online —
Timing C ds in History Buffer: DCM Write on Partition 0: AL iti
iming Commands in History Buffer: rite on Partition O: Base conditions Details @ Description RegExpr
Addr 0x04fd Data Oxabcd received at E o | = Detalls | Countl
6999995817020764/0x0018de 75881a4d5c. —
1|c1 dcm-* DCM data corrupt (empty millislcs) 0
INFO / DemMonitorTimingHistory [2]c2 dcm-* negative time jump in dcm 0
19-Jun-2013 16:55:34 CDT [3]c3 dcm-* dcm lost connection with farm nodes 0
dcm-2-02-07 (192.168.137.19) [x] [4] dcm_ti... dem-* Capture DCM timing ping messages 25013
dcmapplication (26270) u
Applications dem-2-02-07 / dem-2-02-07 / MF-online Throttiing
ConfigurationMan: a Timing Commands in History Buffer: DCM Write on Partition O:
DataLogger Addr 0x04fd Data Oxabcd received at
NGTMaster 699999581 7020764/0x0018de 75881a4ds5c.
?;Lac(i:z::‘r"gge INFO / DemMonitorTimingHistory
bhevb001 19-Jun-2013 16:55:34 CDT Message Log Analyzer
bnevb002 dcm-2-02-05 (192.168.137.17) Speedy Mode Click open to select an archived log file

dem-2-02-05 / dem-2-02-05 / MF-online HER
Timing Commands in History Buffer: DCM Write on Partition 0:

Addr 0x04fd Data Oxabed received at Exit Reset All

..... 5817020764/0x0018de75881a4d5¢c LI S — 32

Clear Selection
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NOvA DAQ Monito

Main | Search | Views | Aggregate Graphs | Automatic Rotation | CheckList Plots
dcm-2-01-08.fnal.gov Host Report for Wed, 19 Jun 2013 18:01:17 -0500 NDOS DAQ Monitor
Last | hour 2nr 4hr  day week month  year orfrom T w =2 Go Clear Node View
parwtion | 0| 1| 2| 3 [ an
Nova Far Grid > DCM > dem-2-01-08.fnal.gov
Host overview
dcm2-01-08 Wemory last hour dcm2-01-08 CPU Tast hour
dcm-2-01-08 Load last hour 20 1ot
T.0f 156 L4
6o q o
g se H 500 '
& 4o ! ; 40
F 056 =
F
i »
e . 1720 17:40 1800 o
ool S W w1 o
Wi i s O I M M. -
P A i Ml X o Ba Bh Bh R
aan B8 B A B b i s b She G Ga %a ia
Shne WA WA WY M Bie 2R AR 22 2@
| cpus 0.0 0.0 991.7a 1.0 - S 0.0 0.0 0.0 0.0 o wait oM 0 0 OO
Bhros oo o5 i 7 | BT S e Sw e o Blfe SA an SR o -
# ¥ Een
dcm-2-01-08 CorruptMicroSlice P1 last hour
10
ot
= dcm-2-01-08 Partition Activity last hour
dcm2-01-08 Network Last hour R o
sont .
o4 (X}
Lon
M 02 t o6
£ son i H
$ ,A 5 o
F Wi W
3 wo hvg e -
5 aon mm 00 o0 0.0
8 oo o o . 1§
oo ar I i i e
1:00 | s 0.0 0.0 0.0 Now Min Avs Max
ox 8 R ws 0% oo
TR ar oo o ol Br o oo weze 1o
Bow oo 00 R R o6 oo Tea o .

Ganglia — a widely-used open-source
cluster monitoring package

-Daemon on each host sends to central server
-Web-based display of plots of metrics vs. time
for “Grid”, “Cluster”, and nodes

-Default metrics: CPU use, free memory, etc.
-Extensible to custom metrics

NovaDAQMonitor

|
04
17:10 1m:20 17:30 17:48 1:%8 18:00
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-System for generating warnings and alarms when metrics vary outside configured limits
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N/A?A NOVA Periodic Cosmic Trigger
a N

Simple periodic gate Global
-Configurable rate and width Trigger
-Typical:
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sent to Farm
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Logger
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Chris Backhouse

Monte Carlo 500 us gate
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NV~

"D NOvVA Spill Trigger
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CPU 1 Receiver
: / Set delay
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N R Spill Trigger
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event into NOvVA
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A Data-Driven Trigger e

Allows going beyond periodic cosmic gate and spill gates
triggers.

-Particularly useful cosmic rays — calibration & alignment
-Supernova neutrinos

-Exotic signatures — e.g., magnetic monopoles

-Testing expected this week

trigger [start, duration]

Global
Trigger

Event Builder Node

shared
memory

ar thread

Hough
Transform

- 9 Input > Unpacker 9 1 Analyzer

Reader
thread

A4
Event
Builder
Data Logger

Builder Network

Andrew Norman
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N S
— ummary

e NOvVA Data Acquisition system took Neutrino Data from
NuMI and BNB on the NDOS detector

e Far Detector commissioning 1s in progress

FJt
L. 2

e NOVA 1s achieving its DAQ design goals with a commodity
online buffer farm and commodity network.

e The NOnA DAQ system 1s the work of too many to
acknowledge here

e Special thanks for input and discussions
— Julie Whitmore, Bob Tschirhart, Vivian Odell, Elliott Cheu,

— Andrew Norman, Nathan Felt, Chris Backhouse, Ryan Patterson, Ron
Rechenmacher, Rick Kwarciany

— Dan Kaplan

— And apologies to those I forgot to mention!
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